Results of an archaeomagnetic study of two excavation field seasons at the Xalla and Teopancazco residential areas of the ancient Prehispanic city of Teotihuacan, Central Mexico are reported. One-hundred and fifty three oriented samples of lime-plasters from the two archaeological sites were collected for the study. NRM directions are reasonably well grouped. Alternating field demagnetization shows single or two-component magnetizations. Rock magnetic measurements point to fine-grained titanomagnetites with pseudo-single domain behaviour. Characteristic site mean directions from both sites are correlated to the available palaeosecular variation curve for Mesoamerica. The mean directions obtained from Xalla site point to average dates of 550 AD±25 years that matches with the documented 'Big Fire' of Teotihuacan (AD 575). Two consecutive construction levels at Teopancazco were estimated as AD 250-350 and AD 350-425 respectively.
Introduction
Many archaeological materials contain magnetic particles and acquire a remanence at some specific time that depends on the direction and intensity of Earth's magnetic field (e.g., Aitken, 1990; Lanos et al., 2000) . The time of acquisition of remanent magnetization can be determined by comparison of the palaeomagnetic parameters of such materials from an archaeological site with an already dated record of the past geomagnetic field in the same region, known as a master or reference geomagnetic secular variation curve. Where the past variations of Earth's magnetic field, and thus the master curve, are well established, such as in Europe, archaeomagnetic dating can be as precise as radiometric dating (e.g., Genevey and Gallet, 2002) and does not depend on the availability of suitable carbonbearing material.
The use of lime-plasters (so called 'stuccos') is quite common in Mesoamerica. The Teotihuacan culture extensively employed plasters made of lime, lithic clasts and water, which were used for a variety of purposes in floors, sculptures, ceramics and supporting media for mural paintings, adding grinded volcanic scoria rich in iron that enhance the magnetic signal. Hueda-Tanabe et al. (2004) recently showed that both burned and unburned lime-plasters may provide an accurate and reliable record of Earth's magnetic field at the time of their elaboration. This opens new possibilities to obtain high quality archaeomagnetic data Copyright c The Society of Geomagnetism and Earth, Planetary and Space Sciences (SGEPSS); The Seismological Society of Japan; The Volcanological Society of Japan; The Geodetic Society of Japan; The Japanese Society for Planetary Sciences; TERRAPUB.
considering that lime-plasters are abundant in archaeological sites in Mesoamerica.
In this study we report -new archaeomagnetic results of selected lime-plaster samples from Xalla and Teopancazco, two major archaeological residential areas of Teotihuacan. Because of lime plasters are abundant in whole Mesoamerica, the main objective of this study is to estimate the potencial use of this kind of material for archaeomagnetic purposes. A major limitation of the archaeomagnetic dating studies is related to the resolution and reliability of the geomagnetic secular variation curve for Mesoamerica. To improve the archaeomagnetic master curve for the region we require increased chronological resolution and further highquality archaeomagnetic data.
Sample Description
Teotihuacan is one of the largest urban and religious centers in Mesoamerica, characterized by large temple pyramids, administrative sectors and many residential areas, covering an area of about 20 km 2 (Fig. 1) . A population of more than 100,000 people is estimated. The city was primarily occupied between AD 0 and AD 650. stuccos dated as 550 AD by radiocarbon dating and additional unburned specimens (containing fine grained scoria) covering the time interval between AD 100 and AD 350. A total of 153 oriented samples were collected for the study (Tables 1, 2 and 3) . Teopancazco is a neighborhood compound at the southeastern sector of the city of Teotihuacan , which is characterized by a series of constructive levels built during the Classic (AD 200-600/650) as well as the Epiclassic, and Aztec times. The site has been excavated and studied extensively and interdisciplinary, including chemical, palaeobotanical, archaeozoological, osteological, genetical, isotopic and archaeological analyses (Manzanilla, 2000 (Manzanilla, , 2003 . Xalla is a palatial compound to the north of the Pyramid of the Sun. It seems to be the rulers' palace because of its dimensions, type of constructions and it was walled. Five constructive stages are recognized at Xalla. Radiocarbon dates of AD 200-250 (Rattray, 1991) and AD 350-550 (Manzanilla and López Luján, 2001 ) have been reported. Samples were recovered using non-magnetic chisels, spatulas, and hammers. Each sample was carefully oriented with a magnetic compass and marked with a waterproof pen. In the laboratory, specimens were obtained from each sample. They were cut with a blade and were "encapsulated" within two wooden discs of 2.5 cm diameter and about 1.25 cm thick, using a non-magnetic epoxic resin, in order to obtain cylindrical samples that fit in a spinner magnetometer.
Magnetic Measurements

Hysteresis experiments
All samples were subjected to magnetic hysteresis experiments using an AGFM "Micromag" apparatus in fields up to 1.2 Tesla. The hysteresis parameters (saturation remanent magnetization J rs , saturation magnetization J s , and coercive force H c ) were calculated after correction for paramagnetic contribution. Coercivity of remanence (H cr ) was determined by applying a progressively increasing back-field after saturation. Typical hysteresis plots are shown in Fig. 2 ; the curves are quite symmetrical in all cases. Near the ori- gin no potbellied and wasp-waisted behaviors were detected (Tauxe et al., 1996) , which probably reflect very restricted ranges of the magnetic mineral coercivities. In the ratio plot of hysteresis parameters (Fig. 4) , samples fall in the pseudo-single-domain (PSD) grain size region (Day et al., 1977; Dunlop, 2002) . Isothermal remanent magnetization (IRM) acquisition curves (Fig. 3) indicate that saturation is reached in moderate fields of 100-200 mT, which points to some spinels as remanence carriers (most probably titanomagnetites).
Remanence properties
Natural remanent magnetism (NRM) intensity and direction of each specimen were measured with a AGICO LtD spinner magnetometer JR6 (nominal sensitivity ∼10 −9
Am 2 ) in the Paleomagnetic Laboratory of the National University of Mexico (UNAM). The coercivity, stability and vectorial composition of NRM were investigated by detailed progressive alternating field (AF) demagnetization. AF demagnetization was carried out in 8-12 steps up to maximum fields of 100 mT using a Molspin AF demagnetizer. In most cases stable univectorial components were isolated (Figs. 5(a), (b) and (c)) . A small component, probably of viscous origin, is easily removed at first steps of demagnetization. The results are reported at the Tables 1 and 2 for Xalla and in Table 3 for Teopancazco. The characteristic remanent magnetization (ChRM) direction was calculated by principal component analysis (Kirschvink, 1980) or from vector subtraction on the linear vector trajectories going through the origin in the orthogonal diagrams. The remanence directions are listed in Tables 1, 2 
Discussion and Main Results
Characteristic magnetization directions are successfully isolated for all samples. The α 95 for unburned materials (it can not be ascertained that the remanence is a detrital remanent magnetization) is higher than burned lime-plasters (probably thermoremanent magnetization). This is clearly shown in Table 1 yielding α 95 as high as 29
• (single case, sample Xa13). In any case, all samples yielding α 95 higher than 13
• were discarded from further analysis. From the statistical analyses we estimated the magnetic declination and inclination of the ChRM of each sample and mean site directions. We calculated the virtual geomagnetic pole (VGP) for sites from each constructive stage. The mean site directions and VGPs were then compared to the available PSV reference curve for Mesoamerica. An improved PSV curve of Central Mexico has been used (Hueda-Tanabe et al., 2004) , with incorporation of data reported in Urrutia-Fucugauchi (1975 , Wolfman (1973 and , Ortega-Guerrero and Urrutia-Fucugauchi (1997), Böhnel and Molina-Garza (2002) (lake sediments) and Latham et al. (1986) (stalagmites) . Some additional results from volcanic rocks, historical and observatory data are also considered (Fig. 7) . For the dating purposes, we employed a basic principle of archaeomagnetic dating (Le Goff et al., 2002; Noel and Batt, 1990 ) that consists in finding the "crossing-point" with the palaeosecular curve of the region. In addition, some stratigraphic restrictions are considered to better constrain the dates.
Xalla 2001 mean site directions of floor 1 burned S4 and -non burned S2 show well clustering with α 95 less than 10
• . The floors 2, 3, 4 and 5 however are poorly defined and yield relatively high dispersion, which impedes any possibility of age estimation. Generally speaking the results of Xalla 2003 for floor 1 burned showed better clustering (Dec = 356.8, Inc = 38.5, α 95 = 3.6) than Xalla 2001 (Dec = 0.4, Inc = 39.9, α 95 = 9.8). Both directions however are undistinguishable at 95% level. These results point to dates of AD 550-575 and AD 525-575 respectively yielding an average of AD 550±25. This matches with the date of AD 555 for the Big Fire of Teotihuacan (Beta 115496; Manzanilla, 2003) .
Estimated archaeomagnetic dates for the Xalla site (Floor 1-S4 and S2 burned, corresponding to 2001 and 2003 collections) agree well within error to previous dates reported in preliminary work of Hueda-Tanabe et al. (2004) . Unfortunately, the present study does not allow to estimate the age of the consecutive construction stages (Floor 1 S4 non burned, Floor 2, 3 and 4 from Structure 9 and Floor 1 non burned from Structure 4) due to the high directional dispersion. On other hand, our estimated dates for the red walls (AD 545-605), seems to indicate that they have been affected by documented Big Fire matches well with the archaeological dates (AD 575, Beta 115496; Manzanilla, 2003) or a reparation of the wall.
The Teopancazco mean directions for 2003 T1 and T4 showed good clustering. All α 95 are less than 5
• . It should be noted that mean directions for samples T2 and T3 has been calculated by remagnetization circles. Again, basically similar directions are obtained from burned and unburned lime-plasters (Table 3 ). The new archaeomagnetic dates obtained here for the Teopancazco site (floor 1 unburned from Temple Floor) coincide quite well with those reported by Hueda-Tanabe et al. (2004) for the sample TP6. Additionally dates obtained for floor 1 (non burned, Temple Floor) agree with age estimation for sample TP2 of HuedaTanabe et al. (2004) and with the radiocarbon date of AD 350±40 (Beta 132605, Manzanilla, 2000) .
